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Public Workshops ς 
Maui Island Water Use & Development Plan 

Upcountry - November 30, 2016 
 
   

AGENDA 

1. Welcome, Agenda, Ground Rules    

2. Overview ς 6:15 p.m.  
 

¶ /ŜƴǘǊŀƭ ŀƴŘ YƻΩƻƭŀǳ wŜƎƛƻƴǎ tǊƻŦƛƭŜ όǎǘŀǊǘǎ ƻƴ ǇŀƎŜ пύ 

¶ Values and Principles, Strategies and Criteria  

¶ What We Heard from Public Meetings and Survey  

 
3. Preliminary Measures and Strategies ς 7:00 p.m. 

Key Issue:  Alternative ways to provide reliable supply to the region including the potential for 
increased storage, given increased growth, climatic changes, and highly variable water supply in 
the face of reduced transport.   

4.   Wrap-up/Next Steps ς 8:30 p.m.  

 
 
 
 
 
 

 
 
 
 
 
Please Note: Additional materials online for your information!   
Water Use and Development Plan - Preliminary Information 
- Background, Existing Resources and Uses and Future 
Demands, 11/15/2016: 
http://www.mauicounty.gov/DocumentCenter/View/106333 

 
 
 

More Information is online:  www.mauiwater.org 
County of Maui Department of Water Supply, Water Resources & Planning Division  
Contact:  Pam Townsend, Staff Planner, 463-3110 or pam.townsend@co.maui.hi.us 

ALOHA é Please 

¶ BE COURTEOUS (and people 

will listen to you)  

¶ ALLOW OTHERS TO SPEAK 

(you can follow up with us, 

call, email, submit written 

comments at meeting) 

¶ Keep to the AGENDA 

 

http://www.mauicounty.gov/DocumentCenter/View/106333
http://www.mauiwater.org/
mailto:pam.townsend@co.maui.hi.us
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Values and Principles:  Do You Agree? 

 

While discussions during the WUDP community outreach process have focused on water related issues 

and solutions, they also revealed aspects that Mauians value and treasure. The following overriding 

values are synthesized from input during the community outreach process.   

 Ψ²ŀƛΩ ŀǎ ŀ Ǿƛǘŀƭ ŎǳƭǘǳǊŀƭ ŀƴŘ ǎǳǎǘŀƛƴƛƴƎ ǊŜǎƻǳǊŎŜ 
Native Hawaiians and the Hawaiian culture valǳŜ άǿŀƛέ ŀǎ ŀ ŦǳƴŘŀƳŜƴǘŀƭ ŀƴŘ ƴŜŎŜǎǎŀǊȅ ǎŀŎǊŜŘ 

element, and they continue to advocate for the rights to continuous flowing streams supported by 

healthy watersheds and nearshore environments.      

 

  aŀǳƛΩǎ ƴŀǘǳǊŀƭ ōŜŀǳǘȅΣ ƴŀǘƛǾŜ ŜŎƻƭƻƎȅ ŀƴŘ ŎǳƭǘǳǊŀƭ ƘŜǊƛǘŀƎŜ  

Mauians are proud to reside in one of the most beautiful and distinctive places in the world. They 

ǾŀƭǳŜ ǇǊƻǘŜŎǘƛƻƴ ƻŦ aŀǳƛΩǎ ƴŀǘƛǾŜ ŜŎƻƭƻƎȅ ŀǎ ŜǎǎŜƴǘƛŀƭ ǘƻ ǇǊŜǎŜǊǾƛƴƎ ǘƘŜ ƛǎƭŀƴŘΩǎ ōŜŀǳǘȅ ŀƴŘ Ŏǳltural 

history, including its agrarian roots which support open spaces, native Hawaiian culture, and local 

self-reliance and independence. 

 

  Sustainable water resources 

Maui is blessed with abundant groundwater, streams and ocean resources to serve its diverse 

ƴŜŜŘǎΦ ¢ƘŜ ƴŀǘƛǾŜ IŀǿŀƛƛŀƴǎΩ Ƴŀǳƪŀ-to-makai ahupua'a management system safeguarded 

adequate stream flow necessary to sustain human settlements, cultural traditions and natural 

ecosystems from one generation to the next. 

 

  Abundant, high quality water for all needs 

Mauians value the availability of high-quality water to support social and economic needs, as well 

as the aspirations of all people and cultures that reside here.  

 

The following principles capture values and beliefs prominently expressed by the community during 

public meetings as well as derived from the General Plan and other policy documents.1 The principles 

were used to guide preparation of the WUDP in process and content, and can be consulted as 'things to 

keep in mind' as we implement the Plan and tackle future challenges.        

¶ Respect the Public Trust doctrine and State Water Code as a foundation for water planning. The 
Native Hawaiian ahupua'a system and cultural traditions can provide guidance on water 
stewardship.  

¶ The 'water kuleana' of all Mauians creates responsibilities as well as rights.  Be transparent and 
inclusive of all Mauians in all aspects of water planning and management.   

¶ Recognize the complexity and interconnectedness of the hydrologic cycle, groundwater and 
surface water systems. Use the 'precautionary principle' in water planning, recognizing this era 
of climate unpredictability.  

                                                           
1 aŀƴȅ ƻŦ ǘƘŜ ǇǊƛƴŎƛǇƭŜǎ ŀǊŜ ǎǘŀǘŜŘ ƛƴ ǘƘŜ Iŀǿŀƛϥƛ CǊŜǎƘ ²ŀǘŜǊ LƴƛǘƛŀǘƛǾŜΩǎΣ άA Blueprint for Action, Water Security 
for an Uncertain Future, 2016-2018 which captures well the sentiments of the Maui community.   
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¶ Water resource management demands comprehensive and integrated policies and solutions. 
Consider both island-wide and regional effects and solutions to issues important to Mauians. 
Water resource planning and solutions should support ecological, social and financial 
sustainability. 

¶ Create an actionable plan that provides water supplies for our diverse water uses. The options 
for solving water resource and supply issues will decrease and costs will increase with each year 
of delay.  
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UPCOUNTRY REGION (CENTRAL AND KOΨOLAU AQUIFER SECTORS) 

This is a synopsis of work in progress for the Central and KoΨolau aquifer sectors for further public input.  

Analysis is ongoing and the information below has not been reviewed by the Board of Water Supply, 

County Council or the State Commission on Water Resource Management (CWRM).  Preliminary findings 

are subject to change based on input and further analysis.  The objective of the Water Use & 

Development Plan (WUDP) ƛǎ ǘƻ άǎŜǘ ŦƻǊǘƘ ǘƘŜ ŀƭƭƻŎŀǘƛƻƴ ƻŦ ǿŀǘŜǊ ǘƻ ƭŀƴŘ ǳǎŜ ǘƘǊƻǳƎƘ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ 

of policies and strategies to guide the County in its planning, management and development of water 

ǊŜǎƻǳǊŎŜǎ ǘƻ ƳŜŜǘ ǇǊƻƧŜŎǘŜŘ ŘŜƳŀƴŘǎέΦ  

PLANNING BOUNDARIES 

The State Water Code as well as Maui County Charter, Chapter 11, Section 8-11.2(3) mandate that 

County WUDPs be consistent with County land use plans and policies. The 2030 Maui County General 

Plan is comprised of the Countywide Policy Plan (2011), Maui Island Plan (MIP, 2012) and the 

Community Plans adopted in various years. The MIP provides direction for future growth, the economy, 

and social and environmental decisions through 2030 based on a vision, founded on core values, goals, 

objectives, policies and actions. The MIP established a Directed Growth Strategy, which identifies areas 

appropriate for future urbanization and revitalization. Projected population growth in the MIP is defined 

by Community Plan (CP) District. The WUDP uses aquifer sectors (ASEA) as hydrologic units for analysis 

consistent with state requirements for updating the plan. Community Plan boundaries do not coincide 

with hydrologic units. 
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WATER RESOURCES IN THE CENTRAL and KO`OLAU AQUIFER SECTORS  

 
The area generally ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ ά¦ǇŎƻǳƴǘǊȅέ on the northwestern flank of Haleakala includes the Haiku, 

Honopou and Makawao aquifer systems. Water use Upcountry is primarily sourced from stream water 

conveyed from the Ko`olau ASEA, supplemented with groundwater from the Haiku aquifer in Ko`olau ASEA and 

from Makawao aquifer in the Central ASEA. Most of the public water supply used on the isthmus in Central 

Maui is from a freshwater lens in Wailuku ASEA.  

 

Climate, hydrology, geology and human activities affect the water cycle and the surface and ground water 

systems which are interconnected.  Rainfall distribution on the northern flank of Haleakala is primarily 

controlled by the orographic effect.  Precipitation is heaviest where the prevailing northeasterly trade winds 

encounter the flank of the volcano, forcing moist air to higher altitudes.  Mean annual rainfall ranges from 16 ς 

20 in at the western boundary of Upcountry to more than 240 in on the eastern boundary.  Groundwater 

moves mainly from inland recharge areas to coastal discharge areas. Eastward flowing water from West Maui 

Volcano converges with westward flowing water from Haleakala. Groundwater recharge by direct infiltration of 

rainfall occurs throughout the area.  Groundwater occurs as high level, potentially perched, water with 

downward migration impeded by low-permeability geologic layers and as a freshwater lens floating on 

underlying saltwater.  High level water discharge to springs or directly into streambeds.   Perennial streams 

mainly exist where they intersect the groundwater table or where rainfall is persistent.  Where streambeds are 

much higher than the underlying groundwater table, infiltration of streamflow is potentially a source of 

recharge to the aquifer.  Little data on infiltration rates are available for streams in the area. 2,3 

 

                                                           
2 Gingerich, S.B., 1999, Ground water and surface water in the Haiku area, east Maui, Hawaii: U.S. Geological Survey Water 

Resources Investigations Report 98-4142 
3 Johnson, A.G., Engott, J.A., and Bassiouni, Mayoya, 2014, Spatially distributed groundwater recharge estimated using a water-
budget model for the Island of Maui, Hawaii, 1978-2007: U.S. Geological Survey Scientific Investigations Report 2014-5168 
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A 2014 USGS study evaluated aquifer recharge, finding that recharge under average climate conditions 

(using 1978ς2007 rainfall and 2010 land cover) was reduced significantly during drought conditions (using 

1998ς2002 rainfall and 2010 land cover).   

Recharge Reduction under Drought Conditions Compared to Average Climate Conditions 

Aquifer Sector 

Area 

2008 WRPP 

Average Recharge 

USGS Average 

Recharge 

USGS Drought 

Recharge 

% Drought Recharge 

Reduction (USGS) 

Central 59 179 134 25% 

Ko'olau 397 411 325 21% 
Spatially distributed groundwater recharge estimated using a water-budget model for the Island of Maui, Hawaii, 1978-2007: 
U.S. Geological Survey Scientific Investigations Report 2014-5168 

Sustainable Yield  

The groundwater sustainable yield (SY) is the maximum rate that groundwater can be withdrawn without 
impairing the water source as determined by CWRM. SY is conservatively set at the low end of the 
estimated range and equal to a fraction of the recharge.  SY changes over time due to climatological trends, 
rates of recharge, interaction between stream flow and groundwater, land use and other factors.  
Insufficient hydrologic, geologic and meteorological data require the estimation of critical input parameters 
in sustainable yield models. As new and better data becomes available, the CWRM must periodically review 
and refine sustainable yield estimates. SY of aquifer systems is under review as part of the 2016 WRPP 
update.   Hypothetically, the drought recharge reduction can be applied to SY for planning purposes that 
consider long-term hydrologic drought. However, the WUDP should monitor continuous SY updates by 
CWRM and adjust accordingly. 
 

 
Sustainable Yields for Aquifer Sectors and Systems

Aquifer 

Sector/ 

System 

Sustainable 

Yield Range 

(mgd)   

 

Central  26 

Kahului 1 1 

Pa'ia 7-8 7 

Makawao 7-20 7 

Kamaole 11-16 11 

Ko'olau  174 

IŀΩƛƪǳ 27 27 

Honopou 25-26 25 

Waikamoi 40 40 

Ke'anae 83 83 
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Moku and Watersheds 

The Central and Ko`olau ASEA span multiple mokus that are generally more aligned with watershed 

boundaries than aquifer sectors. Stream resources within the mokus and aquifer sectors are shown below. 

  Location of Mokus 

 
Surface Water 

{ǘǊŜŀƳǎ ƛƴ ǘƘŜ YƻΩƻƭŀǳ !{9! supplies agricultural and municipal uses in the Central ASEA. CWRM was 

petitioned in 2001 to amend the Interim IFS for 27 East Maui streams. CWRM has re-opened hearings for 

the East Maui Contested Case to address HC&S current and future use of surface water and the impact on 

ǘƘŜ ƎǊƻǳƴŘǿŀǘŜǊΤ ǘƘŜ ƛƳǇŀŎǘ ƻƴ 5²{Ωǎ ǳǎŜ ƻŦ ǎǳǊŦŀŎŜ ǿŀǘŜǊ ŘǳŜ ǘƻ ŎŜǎǎŀǘƛƻƴ ƻŦ ǎǳƎŀǊ ƻǇŜǊŀǘƛƻƴǎΤ ǘƘŜ 

/ƻǳƴǘȅΩǎ Ǉƻǎƛǘƛƻƴ ƻƴ ŦǳǘǳǊŜ ǳǎŜ ƻŦ ǎǳƎŀǊŎŀƴŜ ŦƛŜƭŘǎΤ ŀƴŘ ƛǎǎǳŜǎ ŎƻƴŎŜǊƴƛƴƎ ƳŀƴŀƎŜƳŜƴǘ ƻŦ ǘƘŜ 9aL ŘƛǘŎƘ 

system. In a September 2016 Minute Order, the CWRM Hearings Officer reiterated the requirement that 

CWRM weigh competing instream and offstream uses, including economic impact on offstream uses, in 

amending the IIFS. The contested case hearing is currently scheduled for January 2017. Streams and IFS for 

ǘƘŜ YƻΨƻƭŀǳ !{9! ŀǊŜ ǎƘƻǿƴ ƛƴ !ǇǇŜƴŘƛȄ !Φ 

 

CURRENT WATER USE 

The municipal Upcountry water system overlies multiple aquifer units and utilizes water resources 

transported from other hydrologic units. Privateƭȅ ƻǿƴŜŘ άǇǳōƭƛŎ ǿŀǘŜǊ ǎȅǎǘŜƳǎέ (systems serving more 

than 25 people or 15 service connections) use groundwater from the HaΨiku, Makawao and PaΨia aquifers.   

Domestic wells for individual household use tap water mostly from the Haiku and Honopou aquifers.  



8 
 
 

Public Water Systems, Central and Ko'olau Aquifer Sector Areas 

PWS 
No. 

Name Owner 
Population 

Served 
No. of 

Connections 

Average 
Daily Flow 

(gpd) 
Source 

CENTRAL AQUIFER SECTOR 

247 Lower Kula   MDWS 3,192 1,064 3,431,000 Surface 

254 
Maunaolu 
Plantation 

Maunaolu Plant  HOA 100 37 19,000 Ground 

255 Kula Nani 
Kula Nani Estates 
Community Association 

80 34 - 
Purchased 
Surface (PWS 
215) 

256 
Maui 
Highlands 

Highland Services, LLC 26 53 10,000 Ground 

258 
Consolidated 
Baseyards 

Consolidated Baseyards 
Association 

69 35 83,000 Ground 

261 
Maui Business 
Park Phase II 

Maui Business Park 
Phase II Association 

65 1 5,000 Ground 

KO`OLAU AQUIFER SECTOR 

213 
DWS 
Makawao 

MDWS 28,702 6,675 3,580,000 
80% Surface/  
20% Ground 

219 DWS Ke'anae MDWS 270 90 44,000 Ground 

203 Kailua  Ohanui Corporation 90 27 10,500 Ground 

222 
IŀƭŜŀƪŀƭņ 
National Park  

National Park Service 1,200 17 4,000 Catchment 

252 
West Kailua 
Meadows 

W. Kuiaha Meadows 
HOA 

45 15 6,000 Ground 

Dept. of Health, 2013 

 
While the base year for this WUDP is 2014, alternative periods were reviewed to determine whether 
2014τwhich exhibited a strong El Ninoτis representative of consumption over time. The 10-year average 
was fairly consistent with the 2014 average daily demand.   Water consumption also varies seasonally, with 
the low demand months most significantly reflecting lower outdoor irrigation demands. For the DWS 
systems, large seasonal fluctuations indicate the potential for outdoor water conservation as well as ways 
to offset use of potable water for nonpotable needs. These findings should also apply to the private public 
districts that serve community needs.  
 
Variation in Consumption, 2014 and 3- and 10-Year Averages, Central and Upcountry DWS Systems (mgd) 

MDWS District  
2014 

Daily Ave 
3-Yr Ave 
2012-14 

10-Yr Ave 
2005-14 

Variation 10-Yr Ave / 
2014 Ave 

Central Maui System  21.154 21.299 21.288 1% 

Upcountry System  6.263 7.266 7.277 14% 
DWS Reports 
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Installed pump capacity is not the permitted pumpage, but the maximum capacity of the permitted well in 
gallons per minute multiplied by 24 hours.  The pumpage reported to CWRM reflects actual periods of 
pumpage.  However, not all active wells comply with reporting requirements and pumpage data is 
especially incomplete for smaller domestic and irrigation wells.  
 

Agricultural irrigation and related use for sugarcane cultivation accounted for 57.3 mgd of the reported 

59.5 mgd pumpage from the Kahului and PaΨia aquifers.  Transfers of surface water from the KoΨolau 

aquifer sector contribute to recharge of these aquifers.  

Well Pumpage and Pump Capacity Compared to Sustainable Yield (mgd) 

Aquifer Sector Sustainable Yield 
Installed Pump 

Capacity  
Reported Well 

Pumpage  

CENTRAL    

Makawao 7 4.961 0.36 

Kamaole 11 18.827 2.85 

Kahului 1 102.121 29.99 

PaΨia 7 153.728 29.50 

Total   26 279.637 62.72 
 

KOΨOLAU     2.85 

KeΨanae 83 1.148 0.06 

HaΨiku 27 12.477 0.83 

Honopou 25 0.689 0.01 

Waikamoi 40 0 0 

Total   175 14.314 0.91 
CWRM Reports 

 

CURRENT WATER TRANSPORT  

Groundwater from Wailuku ASEA is transported throughout the DWS Central Maui system in the Central 

ASEA. Most of irrigation demand for sugarcane cultivation in Central Maui is supplied by surface water from 

ǘƘŜ YƻΨƻƭŀǳ !{9!Φ About 57 mgd of groundwater froƳ ǘƘŜ tŀΨƛŀ ŀƴŘ YŀƘǳƭǳƛ ŀǉǳƛŦŜǊǎ ŀǊŜ ǳǎŜŘ ŦƻǊ ǎǳƎŀǊŎŀƴŜ 

ƛǊǊƛƎŀǘƛƻƴΦ ¢ǊŀƴǎŦŜǊǎ ƻŦ ǎǳǊŦŀŎŜ ǿŀǘŜǊ ŦǊƻƳ ǘƘŜ YƻΨƻƭŀǳ !{9! ŎƻƴǘǊƛōǳǘŜ ǘƻ ǊŜŎƘŀǊƎŜ ƻŦ ǘƘŜǎŜ ŀǉǳƛŦŜǊǎΦ 

{ǳǊŦŀŎŜ ǿŀǘŜǊ YƻΩƻƭŀǳ !{9! ƛǎ ŎƻƴǾŜȅŜŘ ǘƘǊƻǳƎƘ ǘƘŜ 9aL ǎȅǎǘŜƳ ǘƻ ǘƘŜ /ŜƴǘǊŀƭ !{9! ŦƻǊ ŀƎǊƛŎǳƭǘǳǊŀl and 

municipal use.  The following figure illustrates general transport patterns to supply the DWS Central and 

Upcountry systems.   
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Transport Patterns to Supply Maui DWS Central and Upcountry Systems  
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Estimated water transfers are shown below.  The column "Source (Place of Origin)" is the volume of water 
that is withdrawn from each aquifer sector. The columns "Discharge to Aquifer Sector" show where water 
withdrawals are discharged, thereby demonstrating how water moved within and between aquifers.  The 
shaded cells indicate that water is transported from the aquifers in the left-hand column to the aquifers of 
discharge.  The columns "Purveyor of Water Transported From Aquifer of Origin" show which entities are 
major transporters of water from the aquifer of origin. The columns "End Use of Water Transported from 
Aquifer of Origin" indicates the major users of water transported from aquifer of origin.  Water transported 
within aquifer sectors is not included in the Purveyor or End Use figures. Smaller purveyors and end uses 
are not shown. 
 

Aquifers of Surface and Groundwater Origin and Discharge, Purveyor, and End Use (mgd)   

Aquifer 
Sector of 

Origin 

Source  
(Place of 
Origin) 

Discharge to Aquifer Sector 
(Shaded cells ς transported from aquifer) 

Purveyor  of 
Water 

Transported From 
Aquifer of Origin 

End Use  of Water 
Transported From 
Aquifer of Origin 

Wailuku Central Ko'olau Total WWC EMI MDWS HC&S 

Wailuku  
Total 56.10 25.87 27.87 0.00 53.75         

SW 35.33 20.09 12.52   32.61 12.52   1.10 11.42 

GW 20.769 5.782 15.35   21.14 15.35   15.35   

Central 
Total 62.71 0.00 62.71 0.00 62.71         

SW        0.00       182.16 

GW 62.708   62.71   62.71       0.02 

Ko'olau 
Total 187.29 0.00 183.18 0.89 184.07         

SW 186.258   182.16   182.16   182.16  6.6   

GW 1.0274   1.02 0.891 1.91   0.02     

Total 306.09 25.87 273.76 0.89 300.53 27.87 182.18 23.05 193.60 
Source: CWRM 2014 Well Pumpage and Diversion Data, MDWS 2014 Billing and Production, 2010 Instream Flow 
Standards CCHMA 06-01-2 Decision and Order. 
SW- Surface Water; GW- Ground Water. EMI- East Maui Irrigation District, WWC- Wailuku Water Company, MDWS ς 
Maui Dept. of Water Supply, HC&S-Hawaiian Commercial and Sugar. Water transported within aquifer sectors is not 
included in purveyor or end use figures. Smaller purveyors and end uses not shown.  

 

PROJECTED DEMAND  
 
Two alternative methods were utilized to project water demand to the year 2035: Population growth rates 
and build-out of permitted land use based on zoning and Department of Hawaiian Homelands land use 
plans.  
 
Population Growth Rate Demand Projection  

Population growth rate projections were applied in 5-year increments over the 20-year planning period 
from 2015 to 2035 for high, medium (base case) and low growth scenarios. Water consumption, including 
both public and private water systems, are compared to the incremental water needs for the next 20 years 
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based on the Socio-Economic Forecast Report 2014 (Draft September 2014, Maui County Planning 
Department) consistent with the Maui Island Plan. Demand projections based on population growth rates 
do not account for agricultural irrigation needs. These are evaluated separately.  
 
It was assumed that population growth from projects described in the State Water Projects Plan and for the 

Department of Hawaiian Homelands (DHHL) are already accounted for by the population projections. 

Therefore, information from these documents was not used to further refine the 5-year incremental water 

demand projections.   

In the 2014 Draft Forecast, high and low alternative projections apply variance estimates for population, 
jobs, visitor units and average visitor census. 
 

Land Use Based Demand Projection 

Land use based demand projections reflect the potential full build-out applying current County Zoning 

designations and the Department of Hawaiian Homelands land use plan designations. The Zoning Code 

implements the General Plan policies and regulates existing and future land development at the parcel 

level. Community Plans do not supply density guidelines, are outdated, and may be more useful as 

guidance for future Water Use and Development Plan updates. The County does not have zoning 

jurisdiction over the DHHL lands and accordingly build-out under those plans was also applied. 

 
Maui County Zoning and DHHL Land Use Plans summarized by MDWS 
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CENTRAL KO`OLAU
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MDWS based on 2014 Socio-Economic Forecast growth rates 

 

DHHL Water Demand Projections 

The State Water Projects Plan Update, Hawai'i Water Plan, DHHLs, Advance Final Report, July 2016 provides 

water use requirement projections for projects planned to be developed below over the 20-year planning 

horizon from 2015 to 2031. A range of forecasts (high, medium and low) was developed based on 

prioritization of DHHL needs and uncertainties. Project demands were based on the equivalent County 

Water System Standards unit rates.  Demands associated with the domestic component of homesteading 

and municipal use were considered to be potable. Agricultural non-potable demands were based on the 

diversified agricultural rate of 3,400 gallons per day per acre with pastoral use at 20 gpd per acre.  Areas to 

be developed as lo'i kalo within the Ke'anae and Wailua projects are based on 150,000 gpd per acre; water 

demand for lo'i kalo area is subject to change when quantity of available resources are determined.   

Projected Water Demands and Strategies for DHHL Projects, Maui Island, 2035 (mgd) 

Sector/ 
System Project Potable Potable Strategy 

Non-
potable 

Non-potable 
Strategy 

Wailuku/ 'Iao Waiehu 0.017 
Coordinate with MDWS (Central) 
ς source not identified 

0   

Wailuku/ 'Iao Paukukalo 0.0034 
Coordinate with MDWS (Central) 
- source not identified 

0   
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and Low, Base (Total)and High Scenarios (mgd) 
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Sector/ 
System Project Potable Potable Strategy 

Non-
potable 

Non-potable 
Strategy 

Central/ 
Kahului 

tǳΨǳƴŜƴŜ 1.734 
To be determined. Potential 
transport from Kamole to Kahului 
Aquifer  

1.8564 To be determined 

Central/ 
Kamaole 

Keokea/ 
Waiohuli 

0.8097 
Water Credit Agreement MDWS 
(0.2810) (Upcountry), New State 
System (0.5287) 

0.578 
Upcountry Maui 
Irrigation System 

Central/ 
Kamaole 

Ulapalakua 0.0034 
Coordinate with MDWS  
(Upcountry) ς source not 
identified 

0   

Ko'olau/ 
Ke'anae 

Ke'anae 0.0034 
/ƻƻǊŘƛƴŀǘŜ ǿƛǘƘ a5²{ όIņƴŀύ ς 
source not identified 

4.5878 
Rainfall (0.3128), 
tƛΨƛƴŀǳΨǳ {ǘǊŜŀƳ 
(4.275)* 

Ko'olau/ 
Ke'anae 

Wailua 0  2.2802 
Rainfall (0.1802), 
Waiokamilo Stream 
(2.100)* 

State Water Projects Plan, DHHL, July 2016 Advance Final Report 
*Part or all of water demand is based on estimated lo'i kalo area and is subject to change when quantity of available 
resources are determined 

 

Upcountry Meter List 

The County established the Upcountry Meter list of priority for service by the County water system when 

water supply became available. The list closed December 31, 2012, shortly after the adoption of the Maui 

Island Plan on December 28, 2012. There are about 1,800 requests for 4,300 meters (excluding those that 

did not accept a reservation offered, accepted a reservation, or where a meter was installed) for 1,900 

dwelling units and a nominal number of commercial units.  About two-thirds of the remaining requests are 

located outside the Urban Growth Boundary.  Estimated demand totals about 8 mgd.  

Estimated Demand of Meter List by DWS System (mgd) 

IŀΨƛƪǳ {ȅǎǘŜƳ 1.87  

Makawao System 0.87  

Upper Kula System 3.78  

Lower Kula System 1.53  
Kula Agricultural Park  Negligible  
Total  8.05 

 

Water consumption and demand based on population growth rates do not account for large-scale 

agricultural irrigation needs. Incidental gardening, landscape irrigation and small agricultural uses are 

included with municipal demand or well reports incorporated into the demand above.  
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Projected Demand for Diversified Agriculture and Lo'i Kalo  
To project future water use for agriculture, agricultural activities can be categorized into diversified 

agriculture and wetland kalo cultivation. 

Agricultural Activity Water use rate (gpd/ac) Type of Water Coefficient 

Diversified Agriculture 2,500 for wetter areas 
3,400 for drier areas 

Average per acre water use  

Lo`i Kalo 100,000 to 300,000 Per acre water inflow into lo`i 
kalo system 

 

East Maui Streams 

¢ƘŜ /²waΩǎ May 25, 2010 Commission Order in re the East Maui Streams Contested Case identified the 

acreage of taro for each stream through the undocumented declarations of registered diverters, as a total 

of 1,006 acres plus water for domestic needs, but did not attempt to evaluate these claims nor relate these 

acres to the amount of water added to the streams in the revised IIFS.  In amending the IIFS, the estimates  

of  wetland  taro  and  other  agricultural  requirements,  including  those  that  would  also  qualify  for  

traditional  and  customary  Hawaiian  rights,  were  based  on  a  subset  of  acreage  that  Na  Moku  

claimed  for  appurtenant  and riparian  rights and  demonstrated  as  suffering  actual  harm  to  their  

owners'  reasonable  use.  The CWRM used a water budget for taro of 130,000 to 150,000 gpd per acre 

which translates to an average of 260,000 to 300,000 gad during the time that water is needed to flow into 

the lo'i to maintain temperatures to prevent rot.4  

 
Estimated Water Requirements for Taro and Other Agriculture  

Area Stream 
¢ŀǊƻ [ƻΩƛ 
(acres) 

Other Ag  
(acres) 

¢ŀǊƻ [ƻΩƛ ²ŀǘŜǊ 
Requirements (mgd) 

Other Ag Water 
Requirements (gpd) 

Ke'anae  Palauhulu  13.475 7.00 1.75 - 2.02   25,714- 28,571  

Wailua 
Waiokamilo 
& Wailuanui  30.160 28.096 3.92- 4.52  13,880 to 16,728 

Honopou Honopou  6.170 9.820 0.80 - 0.93  13,880 to 16,728 

Hanehoi 
Hanehoi & 
Puolua  2.300 ? 0.30 - 0.35   

Makapipi Makapipi  4.170 3.250 0.54 - 0.63  16,680 to 19,246 

Total  56.275 48.166   
Taro represents appurtenant rights and other ag ǊŜǇǊŜǎŜƴǘǎ ǊƛǇŀǊƛŀƴ ǊƛƎƘǘǎΦ ¢ƘŜ ǿŀǘŜǊ ǊŜǉǳƛǊŜƳŜƴǘ ŦƻǊ άƻǘƘŜǊ ŀƎǊƛŎǳƭǘǳǊŜέ ǿŀǎ 
based on 10% of taro demand.  http://files.hawaii.gov/dlnr/cwrm/cch/cchma1301/CCHMA1301-20160115-HO-D&O.pdf 

 

 

 

 

                                                           
4 Ibid. 

 

http://files.hawaii.gov/dlnr/cwrm/cch/cchma1301/CCHMA1301-20160115-HO-D&O.pdf
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To date, EMI announced ceasing diversions from seven streams that are associated with taro cultivation, as 

depicted in the figure below. 

 

 
Regional Diversified Agriculture  
 
The Hawai'i Department of Agriculture is preparing an update to the Agricultural Water Use and 
Development Plan (AWUDP). While future agricultural activity has the hypothetical potential to increase 
based on acreages of unutilized agricultural lands, the cessation of sugarcane production is expected reduce 
irrigation water conveyed by East Maui Irrigation Co (EMI). Despite the interest in food security and self-
sufficiency and increasing exports, prospects for substantial increases in agricultural production in other 
locations are limited. In any case, projected agricultural water demands assume that future agricultural 
water demand cannot exceed potential agricultural water supply.   
 
Current irrigation demand for agriculture outside the HC&S plantation can only be estimated based on 
reported pumpage, delivery agreements, and identified crops with associated water rate. Upcountry 
farming of truck crops in the Central ASEA was anticipated in the 2004 AWUDP to be supported by a dual 
line and storage from Olinda to Keokea to be owned, constructed and administered by the Hawaii Board of 
Agriculture. To date the irrigation system is not completed or funded. The AWUDP did not estimate acreage 
cultivated in the region but projected 2035 irrigation needs between 0.19 ς 0.48 mgd, which is less than 
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current average demand of 0.548 mgd at the Kula Agricultural Park. Nearly 1,500 acres are in agriculture 
production in the Kula area, most using municipal potable water supply for irrigation. Of the proposed 373 
acre Kula Agricultural Park expansion, 71 acres is currently being farmed. Water delivery infrastructure 
funding is sought from state and federal sources.  
 
Crops that have historically relied on affordable untreated surface water are becoming subject to the U.S. 
Food and Drug Administration (FDA) Food Safety Modernizŀǘƛƻƴ !ŎǘΩǎ ƳƻǊŜ ǎǘǊƛƴƎŜƴǘ ǊŜǉǳƛǊŜƳŜƴǘǎ ŦƻǊ 
water quality. Depending on crop, an increased amount of diversified agriculture may require potable 
quality as part of production, with the assumption that the most affordable untreated surface water through 
plantation irrigation systems may no longer be relied upon as the primary source. Meanwhile, the potable 
municipal systems do not have the capacity to serve agricultural demands island wide. Absent an AWUDP 
update, diversified agriculture outside the HC&S plantation is projected to range from current acreage with 
project-specific expansions to a high of one percent annual increase over 20 years as summarized below. 
Crops acreages are calculated from the 2015 Agricultural Land Use Baseline inventory, based on standard 
water rates.  

 
Estimated Water Demand for Crops by Aquifer Sector (mgd) 

Crop by Aquifer Sector Area 2015 Acreage 
Low Demand ς  
2015 Acreage   

High Demand ς  
20% Increase 

CENTRAL      

Banana  16.701 0.057 0.068 

Coffee  10.578 0.031 0.037 

Diversified Crop  1,313.914 4.467 5.360 

Flowers / Foliage / Landscape  97.965 0.490 0.588 

Pasture  54,207.866 0.000 0.000 

Pineapple  1,093.523 1.476 1.771 

Seed Production  754.411 2.565 3.078 

Taro  0.228 0.006 0.008 

Tropical Fruits  21.687 0.121 0.145 

Kula Ag Park Expansion  302 1.027 1.232 

Total  96,337.060 10.241 12.288 

KO`OLAU      

Banana 4.616 0.015 0.018 

Diversified Crop 61.087 0.207 0.249 

Flowers / Foliage / Landscape 14.730 0.073 0.088 

Pasture 11,229.455 0 0 

Taro 32.343 0.889 1.067 

Total 11,342.232 1.184 1.421 
Acreages calculated by MDWS from HDOA 2015 Agricultural Land Use Baseline; water use rates applied by MDWS. 

 
Diversified Agriculture on HC&S Lands  
 
The HC&S plantation consists of over 43,000 acres of land, of which 35,000 acres were under cultivation in 
2016. HC&S lands are all located within the Central Sector, the majority of land overlying the Pa'ia aquifer.  
The EMI system transports surface water from the Ko'olau sector and additional surface water is used from 
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the WWC ditch system. Yield from irrigation wells in Pa'ia and Kahului aquifers are heavily dependent on 
return flow from the imported surface water land application and reservoir leakage, although the additional 
ǊŜŎƘŀǊƎŜ Ƙŀǎ ƴƻǘ ōŜŜƴ ǉǳŀƴǘƛŦƛŜŘΦ I/ϧ{ ŎƻƴŎŜǇǘǳŀƭ ά5ƛǾŜǊǎƛŦƛŜŘ !ƎǊƛŎǳƭǘǳǊŀƭ tƭŀƴέΣ ŘŀǘŜŘ aŀǊŎƘ нлмсΣ 
illustrates a mix of uses throughout the entire plantation envisioned by HC&S as sustainable and 
economically viable and takes into consideration soil types, rainfall, solar radiation and crop tolerance to 
brackish water irrigation.5  The information provided in HC&S plan is presented as Planning Scenario 1 below 
and compared to alternative plausible scenarios that were developed with input from the Maui farming 
community, consulting the State Department of Agriculture, the Hawaii Agriculture Research Center and 
island specific publications. Designated Important Agricultural Lands (IAL) comprise of 27,294 acres owned by 
Alexander & Baldwin predominately in sugarcane.6

  Agricultural experts opine that replacement crops will 
most likely be confined to IAL lands.  
 
An infinite range and combination of alternative crops is possible. For purposes of assessing potential water 
demand on HC&S lands, crops are grouped into five main categories: 1) Diversified crops; 2) Irrigated Pasture; 
3) Biofuel; 4) Monocrops and 5) Koa forestry. Except for HC&S Diversified Agriculture Plan (Alternative 1), no 
assumptions were made about locations for specific crops within the plantation. However, available acreage 
was considered for crops restricted by elevation, such as koa forestry, or rainfall. Irrigation needs are 
estimated based on available standards and studies. Water demand varies significantly depending on 
cultivation methods. Phase in time is unknown and would vary by crop, cultivation methods and other 
factors. For planning purposes, ultimate water demand for each scenario is based on a 20 year time frame 
although forestry would require a longer investment. Water loss through various irrigation systems and other 
efficiencies are not considered in the analysis but addressed under resource adequacy.  
 
As a baseline comparison, applying a sugarcane water use rate of 5,555 gpd per acre to 35,000 acres equals 

194 mgd. Alternative crops and uses would generally represent a reduction in total water use for the 

plantation. 

Diversified Crops: For planning purposes diversified crops is used here to mean farming a variety of crops, 
such as various orchards and vegetable crops, rather than a single commodity. Community and grassroots 
initiatives have advocated more opportunities for organic and regenerative farming and an increase in crops 
for local consumption. A range of 2,500 for wetter areas to 5,387 gpd per acre for drier areas is used, which 
incorporates HC&S irrigation estimates for orchard crops. Average use for diversified crops according to the 
2004 State Agricultural Water Use & Development Plan is 3,400 gpd per acre.  
 
Pasture: Conversion to irrigated and non-irrigated pastures for grass fed beef is currently being assessed on 
less than 400 acres. In the planning scenarios below 1,000 ς 3,440 acres of irrigated pasture were 
considered and non-irrigated pastures in the Hamakuapoko region of the plantation with more rainfall. 
Irrigated demand is estimated by HC&S at 1,992 gpd per acre and as high as 2,651 gpd per acre in a study of 
5,580 acres in Upcountry Maui.7  
 

Biofuel: I/ϧ{Ωǎ Diversified Agriculture Plan calls for a mix of bioenergy crops that will be rotated over a few 
seasons. Anticipated focus for 3,650 acres that comprise the Waihee-Hopoi Fields are on tropical grasses. 
Exploratory sorghum plantings are currently underway. HC&S field studies assess water needs for bioenergy 
tropical grasses at between 4,776 to 5,064 gpd per acre. For planning purposes, a range representing low 
irrigation demand sorghum to high water demanding banagrass is applied.  
 

Monocrops:  Monocrops are cultivated crops that do not rotate with other crops, such as the former 

sugarcane and pineapple plantations. Pineapple, coffee and seed production are the largest monocrops 
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currently grown on Maui. Seed crops are currently grown on 754 acres island wide, a portion within IAL. 

Seed corn accounts for 95% of seed crop grown in the state. Seed crops are generally not land intensive but 

grown on plots of 1 to 5 acres at a time surrounded by a buffer zone. Expansion of seed crops would 

therefore not likely account for significant irrigation demand. Irrigation demands for pineapple and coffee 

range from 1,350 to 2,900 gpd per acre. 

Koa Forestry: Former sugarcane lands has been productive for forestry if the koa seed stock has been 

selected for disease resistance and adapted to low-elevation sites from 500 feet. Successful forestation 

would require ripping to break hard pans and allow roots to penetrate. Water requirements estimated at 

4,380 gpd per acre vary widely dependent on natural rainfall and growth. Other native tree species, could 

be considered for commercial plantings as well as windbreaks and habitat. 

Scenarios: Future of A&B Properties Lands 

 
 
 
 

Crop 

*SCENARIO 1: 
ά5ƛǾŜǊǎƛŦƛŜŘ 

!ƎǊƛŎǳƭǘǳǊŀƭ tƭŀƴέ   
SCENARIO 2: 100% of 

IAL Farmed  
SCENARIO 3: 50% of 

IAL Farmed  
SCENARIO 4: 25% of 

IAL Farmed  

Acres 
Irrigation 
Demand 

MGD 
Acres 

Irrigation 
Demand 

MGD 
Acres 

Irrigation 
Demand 

MGD 
Acres 

Irrigation 
Demand 

MGD 

Diversified 
Crops 

6940 28.6 8,000 20 ς 43.09 4,000 10 ς 21.55 9,000 
22.5 ς 
48.48 

Biofuel 14,770 62.08 12,000 35.7 ς 60.77 6,000 17.86 ς 30.38   

Grazing 8540 17.07 4,000 7.9 ς 10.60 2,000 3.98 ς 5.3   

Monocrops   3,000 4.05 ς 8.7 1,500 2.02 ς 4.35   

Koa Forestry   294 1.28 294 1.28   

Total 30,250  27,294  13,794  9,000  

Fallow/ non-
irrigated 
cover crops 

4,650 0 7,606 0 21,106 0 25,900  

Total 
Plantation 

34,900 107.79 34,900 
69.03 ς 
124.45 

34,900 35.16 ς 62.87 34,900 
22.5 ς 
48.48 

All scenarios assume 10-year phase ςin. 

*Scenario 1 is based on HC&S's ŎƻƴŎŜǇǘǳŀƭ ά5ƛǾŜǊǎƛŦƛŜŘ !ƎǊƛŎǳƭǘǳǊŀƭ tƭŀƴέ ŘŀǘŜŘ aŀǊŎƘ нлмсΦ 
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Important Agricultural Lands, Ditches and Service Areas, and Rainfall for HC&S Lands  

 

 

 

RESOURCE ADEQUACY 

Population Growth Rate Demand Scenario 

Water demand based on population growth rates in the Central and Ko`olau sectors combined requires 

14.5 mgd of additional use.  Total 2035 demand would be 40.5 mgd within a range of 34 to 42 mgd.  An 

additional 3 to 4 mgd would be needed to account for system losses, high growth years and other factors.   

 

 

 

 


